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LEAKY- WAVE DUAL POLARIZED SLOT TYPE ANTENNA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a microstrip line feeding slot type planar antenna, more 
particularly, to a leaky-wave dual polarized slot type antenna, capable of transmitting and 
receiving orthogonal polarized waves. 

2. Description of the Related Art 

Radars used in ultra high frequency bands and microwave bands, base station antennas, 
and antennas for use in satellite communications and satellite broadcasts should have high gains. 
To have high gains, antennas must have directivity, for example, parabolic antennas. 

However, since a parabolic antenna occupies a large surface area for high gain, 
communication equipment of a base station should be substantially large. Also, the surface of 
the antenna is usually coated with endocrine disrupter containing materials to prevent rust. As a 
result, the parabolic antenna causes environment pollution not only when it is used but also when 
it is disposed. 

As an attempt to solve the above problems, radio connection methods for reducing the 
size and weight of communication equipment of a base station, and development of power 
controllers and interference controllers, terminals, and network system techniques are making 
active progress. In particular, a planar antenna such as a microstrip line antenna is small, light 
and thin, so it is very convenient to use and cheap to manufacture. 

The planar antenna, e.g. microstrip line antenna, is utilized for military communications 
where mobility and maneuverability are required. High communication equipment such as next 
generation mobile communication system also uses planar antennas for the same reasons. 

However, the microstrip line antenna being currently commercialized has drawbacks in 
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that its frequency bandwidth is very narrow and has a low gain. Moreover, it can transmit/receive 
a single polarized wave only. Thus, to transmit/receive dual polarized waves, a vertically 
polarized antenna and a horizontally polarized antenna had to be used together at the same time. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a leaky-wave dual polarized 
slot type antenna with a broad frequency bandwidth. 

Another object of the present invention is to provide a leaky-wave dual polarized slot 
type antenna, capable of increasing gain. 

Still another object of the present invention is to provide a leaky-wave dual polarized 
slot type antenna, capable of transmitting/receiving vertically and horizontally polarized waves 
simultaneously on a same plane. 

To achieve the above object, there is a leaky-wave dual polarized slot type antenna, 
including: a first shielding layer 11 lying in an XY plane; a first dielectric layer 15 on top of the 
first shielding layer 11; a first feeding circuit section 17 formed on the top of the first dielectric 
layer 15, comprising a plurality of first strip lines 19 formed of first loops 19a with a first 
designated shape from one side of the dielectric layer in the direction of the X-axis at a 
predetermined first period, in order to feed electromagnetic waves; a second feeding circuit 
section 18 formed on the top of the first dielectric layer 15, comprising a plurality of second strip 
lines 21 formed of second loops 21a with a second designated shape from the other side of the 
dielectric layer in the direction of the X-axis at the predetermined first period, in order to feed the 
electromagnetic waves; a second dielectric layer 47 formed on the top part of the first and second 
feeding circuit sections 17 and 18; and a second shielding layer 33 with a first slot section and a 
second slot section 35 and 41, formed on the top of the second dielectric layer 47, transmitting 
the electromagnetic waves fed to the first and second feeding circuit sections 17 and 18 as 
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vertical polarization and horizontal polarization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects, features and advantages of the present invention will become more 
apparent from the following detailed description when taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a first preferred embodiment of the present invention; 

Fig. 2 is a cross-sectional view of the leaky-wave dual polarized slot type antenna, taken 
along line al-a2 of Fig. 1; 

Fig. 3a and Fig. 3b are schematic diagrams illustrating opposite radiation directions of 
main beam according to waves that propagate on a first and second strip line in Fig. 1; 

Fig. 4 is a schematic diagram showing non-uniform coupling between a first slot array 
and a first strip line of Fig. 1; 

Fig. 5 graphically depicts a relation between radiation angles (9) and frequencies (f) in 
accordance with the first preferred embodiment of the present invention; 

Fig. 6 graphically depicts a relation between gains (G) and frequencies (f) in accordance 
with the first preferred embodiment of the present invention; 

Fig. 7 is a diagram showing a state in which a first slot and a second slot are in cross- 
polarization to each other in accordance with the first preferred embodiment of the present 
invention; 

Fig. 8 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a second preferred embodiment of the present invention; 

Fig. 9 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a third preferred embodiment of the present invention; and 
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Fig. 10 and 11 are plane views illustrating a leaky- wave single/dual polarized slot type 
antenna, respectively, in accordance with a fourth preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention will now be described with reference to 
the accompanying drawings. 

Fig. 1 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a first preferred embodiment of the present invention, and Fig. 2 is a cross-sectional view of 
the leaky- wave dual polarized slot type antenna, taken along line al-a2 of Fig. 1. 

Referring to Fig. 1 and Fig. 2, respectively, the leaky-wave dual polarized slot type 
antenna according to the first preferred embodiment of the present invention includes a first 
shielding layer 11, a first spacing section 13 disposed on the first shielding layer 11, a first 
dielectric layer 15 disposed on the first spacing section 13, first and second feeding circuit 
sections 17 and 18 disposed on the top (or lower) part of the first dielectric layer 15, a second 
spacing section 31 disposed on the first and second feeding circuit sections 17 and 18, a second 
dielectric layer 47 disposed on the second spacing section 31, and a second shielding layer 33 
disposed on the lower (or top) part of the second dielectric layer 47. First and second slot 
sections 35 and 41, which are depicted in Fig. 1, are formed in the second shielding layer 33. 

That is, the present embodiment includes a first shielding layer 11, a first spacing section 
13 disposed on the first shielding layer 11, a first dielectric layer 15 disposed on the first spacing 
section 13, first and second feeding circuit sections 17 and 18 disposed on the top part of the first 
dielectric layer 15, a second spacing section 31 disposed on the first and second feeding circuit 
section 17 and 18, a second dielectric layer 47 disposed on the second spacing section 31, and a 
second shielding layer 33 disposed on the top part of the second dielectric layer 47. 

Here, the first shielding layer 1 1 of Fig. 2 is usually made of conductive metals such as 
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copper, aluminum or silver, and has the shape of a plate in the XY plane, preferably being 
grounded thereto. The first shielding layer 1 1 not only supports the elements of the antenna 
mechanically, but also prohibits the propagating waves along the first and second feeding circuit 
sections 17 and 18 from radiating to the outside in the direction, i.e.- Z-axis. One or two 
circular or square cavities 49 are formed at the central portion of the first shielding layer 11. 
The cavity 49 in Fig. 2, a waveguide, is disposed in the opposite direction of a waveguide of an 
exciter (not shown) installed at the lower portion of the first shielding layer 11. 

In like manner, the second shielding layer 33 formed at the lower (or top) portion of the 
second dielectric layer 47 is a plate with the XY plane on which conductive materials like copper, 
aluminum or silver is depositioned or adhered. The second shielding layer 33 not only 
transmits the electromagnetic waves propagated along the first and second feeding circuit 
sections 17 and 18 as vertically and horizontally polarized waves but also prohibits the waves 
from radiating to the outside along the direction of+Z-axis. In brief, the first and second 
shielding layers 11 and 33 prevents the waves propagated via the first and second feeding circuit 
sections 17 and 18 from radiating along the Z-axis, thereby preventing the waves from radiating 
to the outside in the vertical direction of the antenna plane. 

The first and second slot sections 35 and 41 are formed by patterning the second 
shielding layer 33 disposed at the lower (or top) portion of the second dielectric layer 47 using a 
photolithography method. The first slot section 35 has M x N (M, N are natural numbers) of the 
first slot 39 in a matrix, being perpendicular to the X-axis, and the second slot section 41 also has 
M x N of the second slot 45 in a matrix, being orthogonal to M x N of the first slot 39 and 
parallel to the X-axis. That is, the first slot section 35 is an N-row of the first slot array 37 and 
each row is comprised of M of the first slot 39 being arrayed in the direction of the X-axis, and 
the second slot section 41 is comprised of N-rows of the second slot array 43 and each row is 
comprised of M the second slot 45 being arrayed in the direction of the X-axis. 
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As shown in Fig. 1, the first and second slot sections 35 and 41 have a first period PI 
along the X-axis, and a second period P2 along the Y-axis. 

More specifically, each of the first and second slot arrays 37 and 43 formed in the 
direction of the X-axis has the same first period, and each of the first and second slot arrays 37 
and 33 formed in the direction of the Y-axis has the same second period. 

Each of the first slot 39 and the second slot 45 receives or transmits vertically and 
horizontally polarized waves, and has the width W and the length L. The width W and the length 
L should satisfy the condition of W < L. In addition, the width W of each of the first slot 39 and 
the second slot 45 should be substantially less than the wavelength (X) of a wave in free space. 
That is, the condition W < X should be satisfied. 

The first and second feeding circuit sections 17 and 18 feed electromagnetic waves 
inputted, and are formed by depositioning or adhering conductive metals like copper, silver of 
aluminum on the top surface of the first dielectric layer 15 and then patterning with the 
photolithography method. The first feeding circuit section 17 includes N of first strip line 19 
being in parallel to the X-axis, a first multi-channel divider 23 and a first central port 27. The 
second feeding circuit section 18 includes N of second strip line 21 being in parallel to the first 
strip line 19, a second multi-channel divider 25 and a second central port 29. 

These N first and second strip lines 19 and 21 are formed alternately to each other, and 
connected in parallel to the first and second multi-channel divider 23 and 25 that are formed on 
one and the other side of the first dielectric layer 15, respectively. The first and second multi- 
channel dividers 23 and 25 are respectively connected in parallel to the first and second central 
ports 27 and 29 at the central portion of the antenna. That is, the N first strip lines 19 are 
connected in parallel to the first multi-channel divider 23 and the N second strip lines 21 are 
connected in parallel to the second multi-channel divider 25. The first and second multi- 
channel divider 23 and 25 and the first and second central ports 27 and 29 are formed like a 
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shape of strip line. 

In the first strip lines 19, first loops 19a are formed at a predetermined period(Pl). The 
length of strip line between two neighboring first slots 39 in the direction of the X-axis of the 
first strip lines 19 is termed Lsl . 

In the second strip lines 21, second loops 21a are formed at a predetermined period(pl). 
The length of strip line between two neighboring second slots 45 in the direction of the X-axis of 
the second strip lines 21 is termed Ls2. 

Each of the second strip line 21 forms a circular second loop 21a every first period PI 
along the X-axis, crossing the second slot array 43. Thus, the length Ls2 between two 
neighboring second slots 45 in the direction of the X-axis of the second strip line 21 is greater 
than the first period PI because of the loop. Similarly, each of the first strip line 19 forms a 
semicircular or sine wave-like first loop 19a every first period PI in the direction of the X-axis, 
crossing the first slot array 37. Moreover, the length Lsl between two neighboring first slots 39 
in the direction of the X-axis of the first strip line 19 is greater than the first period PI . 

Here, the distance between any two arbitrary neighboring first loops 19a formed in the 
direction of the X-axis is constant, and in like manner, the distance between any two arbitrary 
neighboring second loops 21a formed in the direction of the X-axis is constant, as seen in Fig. 1. 
Also, the formation period of the first loops 19a on each of the first strip line 19 along the X-axis 
is same as the formation period of the second loop on each of the second strip line 21 along the 
X-axis. 

The first and second strip lines 19 and 21 have a second period P2, respectively, in the 
direction of the Y-axis. As one can conclude from Fig. 1, the distance between any two 
neighboring first strip lines formed along the Y-axis is also equal to the distance between any two 
neighboring second strip lines formed along the Y-axis. 

The first and second central ports 27 and 29 in Fig. 1 are disposed inside the cavity 49 of 
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the first shielding layer 11, to be in opposite direction of the waveguide of the exciter. Therefore, 
when transmitting a signal, the electromagnetic wave is guided through the waveguide, and input 
to the first and second central ports 27 and 29. 

Preferably, the first and second dielectric layers 15 and 47 shown in Fig. 2 are made of 
materials with dielectric constant is 2 - 3, such as, polyethylene, compressed polystyrene, 
polypropylene or Teflon in a film. 

The first and second spacing sections 13 and 31 shown in Fig. 2, respectively, separate 
the first shielding layer 11 from the first dielectric layer 15, and the second dielectric layer 47 
from the first and second feeding circuit sections 17 and 18, respectively. Here, the first and 
second spacing sections 13 and 31 are formed of materials with dielectric constant of 
approximately 1, e.g. foam polystyrene, thereby creating an environment similar to free space. 
In this manner, no dielectric loss caused by the first and second spacing sections 13 and 31 is 
generated. 

The operation principles of the leaky-wave dual polarized slot type antenna according to 
the first preferred embodiment of the present invention are now explained. 

When the exciter generates an electromagnetic wave, the wave is guided to the first and 
second central ports 27 and 29 through the waveguide, and distributed to the first and second 
multi-channel dividers 23 and 25, respectively, and finally propagates to the N first and second 
strip lines 19 and 21, respectively. The wave propagates to these N first strip lines 19 and N 
second strip lines 21 in opposite directions from each other. 

The M x N first and second slots 39 and 45 composing the first and second slot sections 
35 and 41 polarize and radiate the wave propagated to the N first strip lines 19 and N second 
strip lines 21 with the vertical and horizontal polarization of each. In other words, when the 
electromagnetic wave propagates the N first strip lines 19 and N second strip lines 21, an 
electromagnetic coupling is induced between the M x N first slots 39 and the M x N second slots 
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45, and the M x N first and second slots 39 and 45 excited by this electromagnetic coupling 
polarize and radiate the wave in the vertical and horizontal polarization. 

The vertically and horizontally polarized waves are radiated from the first and second 
slot sections 35 and 41, and in order to make the radiation pattern thereof have one single main 
beam, the periods PI and P2 should be designated, satisfying the following equations. 

[Equation 1] 

PI <A/(l+sinG) 

[Equation 2] 

P2<X 

The angle (0) in Equation 1 is the angle between the main beam of the radiating wave 
and the Z-axis. That is, the vertically and horizontally polarized waves from the first and 
second slot sections 35 and 41 radiate not perpendicularly to XY-plane but at an off- 
perpendicular angle, i.e., at the angle (G) from the Z-axis. Since the wave propagates from the 
first and second strip lines 19 and 21 in the direction of the X-axis, the angle (0) is also the angle 
between the X-axis and the Z-axis. Hence, the main beam of the horizontally and vertically 
polarized waves by the first and second slot sections 35 and 41 is located at the XZ plane. 

The waves propagates on the first and second strip lines 19 and 21 in opposite directions 
from each other. The radiating angle (0) of the main beam is positive (+) when the angle is in 
approximately the opposite direction to the propagating direction of the wave at an arbitrary strip 
line, and negative (-) when the angle is in approximately the same direction as the propagating 
direction of the wave at an arbitrary strip line. Thus, the horizontally and vertically polarized 
waves of the first and second slot sections 35 and 41 radiate in the same direction and form one 
main beam. 

Fig. 3a and Fig. 3b are schematic diagrams illustrating radiating directions of main beam 
according to waves that propagate to opposite directions on a first and second strip line in Fig. 1 . 

9 

955479 vl 



SUBSTITUTE SPECIFICATION 



1592-4045 



More particularly, Fig. 3a illustrates a case when the radiation angle (0) of the main beam of the 
vertically polarized wave is positive (+), i.e. 0 > 0, as the electromagnetic wave propagates from 
the left side to the right side at the first strip line 19, and when the main beam of the vertically 
polarized wave is inclined to the left direction, that is, in approximately the opposite direction to 
the propagating direction of the wave. Also, Fig. 3b illustrates a case when the radiation angle 
(0) of the main beam of the horizontally polarized wave is negative (-) i.e. 0 < 0, as the 
electromagnetic wave propagates from the right side to the left side of the second strip line 21, 
and in the main beam of the horizontally polarized wave is inclined to the left direction, that is, 
to the propagating direction of the wave. The angle (0) can be expressed as in Equation 3. 
[Equation 3] 

sin 0 = - J £ — 

kP\ y PI 

wherein, k is the free space wave number(k = 2n/X), and e is the dielectric constant of the first 
and second spacing sections 13 and 31. Also, Ls is the length of a strip line between two 
neighboring slots, and can be substituted by Ls 1 and Ls2. Here, the main beam is not 
perpendicular to the first and second slot sections 35 and 41, and the radiation angle (0) depends 
on frequency. 

Provided that the radiation angle between the main beam of the horizontally polarized 
wave and Z-axis is positive (+), the length Lsl between two neighboring first slots 39, and the 
length Ls2 between two neighboring second slots 41 can be expressed by Equation 4 and 
Equation 5, respectively. 

[Equation 4] 

Lsl = —j= ( - sin 9) 

kPl 

[Equation 5] 
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Ls2= -= (— + sin9) 
kP\ 

Angle 6 in equations (4) and (5) should be taken as positive in both cases. 

Because the main beam of the vertically and horizontally polarized waves are oriented in 
the same direction, the radiation angle (8) is same, except that it is distinguished by (+) angles 
and (-) angles. Based on the lengths Lsl and Ls2 and the radiation angle expressed in 
Equations 4 and 5, Equation 6 which connects lengths Lsl and Ls2 can be derived as follows. 

[Equation 6] 

— = V7(Lsl+Ls2) 
fo 

Here, c is the velocity of the wave in free space, and fo is a central frequency in the 
operational frequency range of the antenna. The lengths Lsl and Ls2 should be carefully 
selected to orient the main beam of the vertically and horizontally polarized waves in the same 
direction. 

Also, the vertically and horizontally polarized waves radiated from the first and second 
slot sections 35 and 41 have a phase shift (O) between two neighboring first slots 39 and between 
two neighboring second slots 45, respectively. The phase shift (<J>) can be expressed as 
Equation 7. 

[Equation 7] 

0 = k4s Ls 

It is important that the vertically polarized waves radiated from each of the first slots 39 

of the first slot section 35 have the same phase and thus, the same signal characteristic. In like 

manner, it is important that the horizontal waves radiated from each of the second slots 45 of the 

second slot section 41 of the second slot section 45 have the same phase and thus, the same 

signal characteristic. Therefore, it is preferable that the phase shift (<J>) for vertically and 

horizontally polarized waves be identical. 

So far, the leaky-wave dual polarized slot type antenna transmits orthogonally polarized 
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waves. But the reception of waves takes place in opposite direction to the direction in which 
waves are transmitted. Plane waves in free space plane are horizontally and vertically polarized 
by the M x N first and second slots 39 and 45 of the first and second slot sections 35 and 41, and 
propagated to the N first and second strip lines 19 and 21 of the first and second feeding circuit 
sections 17 and 18. The N first and second strip lines 19 and 21 which alternate with the first 
and second slot arrays 37 and 43 function as a serial summator of the propagating waves of 
vertical and horizontal polarization. On the other hand, the first and second multi-channel 
divider 23 and 25 function as a parallel summator of the vertical and horizontal waves 
propagated to the N first and second strip lines 19 and 21. Since the first and second multi- 
channel dividers 23 and 25 function as the parallel summator, each has a wide operational 
frequency range. 

Waves summated by the first and second multi-channel dividers 23 and 25 are 
distributed to the exciter through the first and second central ports 27 and 29. 

In general, antenna gain is determined by antenna square and phase-amplitude 
distribution in the antenna aperture. The phase-amplitude distribution of the antenna in the case 
of transmitting waves is uniform along the Y-axis by multi-channel dividers. Meanwhile, the 
phase-amplitude distribution along the X-axis is determined by coupling of the first and second 
slots 39 and 45 and the first and second strip lines 19 and 21. If the coupling level is constant 
along the first and second strip lines 19 and 21, the amplitude is determined by X as exponential 
function. The optimal coupling makes possible the leaky-wave antenna with constant coupling 
have a maximum gain. The gain loss for optimizing the leaky-wave antenna is about ldB. 

Fig.4 is a schematic diagram showing non-uniform coupling between the first a slot 
array 37 and the first a strip line 19 of Fig. 1. 

The coupling level between the first slot array 37 and the first strip line 19 is increased 
to the propagating direction of the wave on the strip line. At this time, the amplitude along the 
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first strip line 19 is almost uniformly distributed, and thus, the gain loss is reduced. The 
coupling level between the first slot 39 and the first strip line 19 is dependent on the position of 
an intersection point. As the intersection point gets closer to the center of the first and second 
slots 39 and 45, the coupling level is increased. Therefore, when the wave propagates from the 
left side to the right side in Fig. 4, variable coupling is obtained when each of the first slots 39 of 
the first slot array 37 has a different intersection point for the first strip line 19. 

Overall, the antenna gain can be expressed as Equation 8. 

[Equation 8] 



G= 10 log 



f \ 
An 

Scos(0) 



2 

J 



-8, 



Here, S denotes an antenna's aperture square, and 8 denotes gain loss caused by the 
non-uniform amplitude distribution in the direction of the X-axis. In Equation 8, dissipative 
loss was ignored. The antenna of constant coupling between the slots and the strip lines has 
approximately ldB of loss (5 ), while the optimized antenna of a variable coupling has about 0.5 
-0.3dB of loss (5 ). 

Particularly, the resonance properties of the first and second slots 39 and 45 are used for 
increasing the operational frequency range for satellite TV system. The operational frequency 
range of the antenna is generally limited primarily because the radiation angle is dependent on 
the frequency. However, this does not apply to a resonance slot. 

When the lengths of the first and second slots 39 and 45 are close to 7J2 (where X is a 
free space wavelength) or slightly less than the half wavelength, resonance is generated. The first 
and second slots 39 and 45 violently disturb wave in the first and second strip lines 19 and 21 at 
frequencies close to resonance frequency of the first and second slots 39 and 45. Hence, the 
propagation constant of this wave is extraordinarily dependent on a frequency within the 
resonance frequency range. This dependence helps one to compensate conventional 
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dependence of angle of radiation on frequency. The radiation angle within a certain range 
around resonance frequency of the first and second slots 39 and 45 may be stabilized. 

Fig. 5 illustrates the relation between radiation angles (9) and frequencies (f). As 
shown in Fig. 5, the radiation angle (9) changes less than ±1° within the frequency range of 12.2 
GHz to 12.75 GHz. Because the change of the radiation angle (9) is very small, a stable gain 
can be obtained within the same frequency range. Fig. 6 graphically depicts a relation between 
gains (G) and frequencies (f). Here, the relative bandwidth is about 5%, and which is more than 
twice of case of conventional array. 

Fig. 7 is a diagram showing a state in which a first slot and a second slot are in cross- 
polarization with respect to each other. 

Different patterns of waves propagates in the first and second feeding sections 17 and 18, 
such as, effective waves (also called strip line waves), which propagate while being connected to 
the first and second strip lines 19 and 21, and parasitic waves (also called T- waves), which 
propagate alone without being connected to the first and second strip lines 19 and 21. Here, the 
T-wave is excited by the first and second slots 39 and 45, and generated between the first and 
second feeding sections 17 and 18 and the second shielding layer 33, propagating in the 
horizontal direction. The T-wave is able to carry electromagnetic energy through neighboring 
slots, without being connected by the first and second strip lines 19 and 21. As a result, the T- 
wave produce coupling of orthogonal slots of the first and second slots 39 and 45, and increases 
cross-polarization. 

In other words, as shown in Fig. 7, when an electric field of the wave propagating in the 
first strip line 19 is generated, only the first slot 39 that is perpendicular to the electric field of the 
wave gets excited. However, the first slots 39 excites not only the effective wave in the first 
strip line 19 but also the T-wave between the first and second feeding sections 17 and 18 and the 
second shielding layer 33 which in turn excites the orthogonal second slot arrays 43. Thus, the 

14 

955479 vl 



SUBSTITUTE SPECIFICATION 



1592-4045 



T-wave increases cross-polarization by exciting the second orthogonal slot that has the same 
amplitude. 

To prevent cross-polarization, the second slots 45 are disposed symmetrically between 
two neighboring first slots 39. At this point, the T-wave from the left side and the T-wave from 
the right side have the same amplitude and have a phase difference of 180°, do not excite the 
second slot 45. 

Fig. 8 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a second preferred embodiment of the present invention. 

Referring to Fig. 8, the leaky- wave dual polarized slot type antenna according to the 
second embodiment is different from that of the first embodiment in that the N-first and second 
strip lines 19 and 21 and the first and second slot sections 35 and 41 have different shapes. That 
is, N-first strip lines 19 and N-second strip lines 21 of the leaky- wave dual polarized slot type 
antenna according to the first embodiment of the present invention are asymmetrically formed 
around the first and second central ports 27 and 29. However, the first and second strip lines 19 
and 21, and the first and second slot sections 35 and 41 of the leaky- wave dual polarized slot 
type antenna according to the second embodiment of the present invention are divided into 
halves (N/2) around the first and second central ports 27 and 29, the first and second loops 19 a 
and 21 a of each being symmetrical to each other. In addition upper part (or down part) of the 
second multi channel divider 25 contains a strip line loop that produces 180 deg. phase shift. 

In the leaky-wave dual polarized slot type antenna according to the second embodiment 
of the present invention, the first and second slots 39 and 45 are excited by their crossing slots, 
namely the second and first slots 45 and 39. However, since the N-first and second strip lines 19 
and 21 are divided into halves, i.e. N/2, around the first and second central ports 27 and 19, they 
have symmetric structures to each other, and the waves of these two symmetric first and second 
strip lines 19 and 21 are phase-shifted by 180°. These 180° phase-shifted waves compensate 
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each other, and do not propagate to the first and second central ports 27 and 29, consequently 
reducing a cross-polarization level. 

Except for the above properties, no further details on the operational properties of the 
leaky-wave dual polarized slot type antenna according to the second embodiment of the present 
invention will be provided here because they are basically identical with the leaky-wave dual 
polarized slot type antenna according to the first embodiment of the present invention. 

Fig. 9 is a plane view of a leaky-wave dual polarized slot type antenna in accordance 
with a third preferred embodiment of the present invention. 

Referring to Fig. 9, in the leaky-wave dual polarized slot type antenna in accordance 
with the third preferred embodiment of the present invention, the first and second slot sections 35 
and 41 have different constructions, compared to the first embodiment of the present invention 
illustrated in Fig. 1. That is, the first strip line 19 includes a first sub-line 51 and a second sub- 
line 53. The first and second sub-lines 51 and 53 have symmetrical structures with respect to 
each other, and are formed to cross to both ends of the first slot 39. The second strip lines 21 
are oriented in one direction. 

In the leaky-wave dual polarized slot type antenna in accordance with the third preferred 
embodiment of the present invention, the first slots 39 are connected to the first sub-line 51 and 
the second sub-line 53, so the first slots 39 are symmetrically excited by sub-lines 51 and 53, so 
the electric field distribution thereof is always symmetrical. As such, even though the second 
slot 45 might be comparatively symmetrical to the first slot 39, the first slot 39 is not excited by 
the second slot 45. Hence, the reduction of cross-polarization level is realized more substantially 
at wide angles of directions. 

No further details on the operational properties, except for the above properties, of the 
leaky-wave dual polarized slot type antenna according to the third embodiment of the present 
invention will be provided here because they are basically identical with the leaky-wave dual 
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polarized slot type antenna according to the first embodiment of the present invention. 

Actually, the leaky- wave dual polarized slot type antenna according to the third 
embodiment, in which the first strip lines 19 are composed of the first and second sub-lines 51 
and 53, and the N-second strip lines 21 are symmetrically divided into N/2 strip lines around the 
first and second central ports 27 and 29, as shown in Fig. 8, can be easily derived from the leaky- 
wave dual polarized slot type antenna according to the first embodiment. 

Figs. 10 and 11 are plane views illustrating a leaky- wave single/dual polarized slot type 
antenna, respectively, in accordance with a fourth preferred embodiment of the present invention. 

Referring to Figs. 10 and 11, the leaky- wave single and dual polarized slot type antenna, 
respectively, in accordance with the fourth preferred embodiment of the present invention are 
distinguished from the leaky-wave dual polarized slot type antenna according to the first 
embodiment in that there exists separately each of the first and second feeding circuit sections 17 
and 18 of Fig. 1 exist separately as depicted in Figs. 10 and 11. Therefore, in order to propagate 
electromagnetic waves, each of the feeding circuit section in Fig. 10 and Fig. 11 has either each 
corresponding the first strip line 19 or the second strip line 21, the first strip fine 19 having the 
first loop 19a from one side of the first dielectric layer 15 of Fig. 1 to the direction of the X-axis, 
and the second strip line 21 having the second loop 21a from the side of the first dielectric layer 
15 to the direction of the X-axis. 

As such, the second shielding layer 33 of Fig. 1, as illustrated in Fig. 10 and Fig. 11 
respectively, is formed at the lower (or top) portion of the second dielectric layer 47 of Fig. 1, in 
a manner that it induces an electromagnetic coupling with the strip lines formed on either the 
first slot section 35 or the second slot section 41, thereby horizontally or vertically polarizing 
electromagnetic waves propagated along the feeding circuit section of Fig. 10 or Fig. 11 and then 
transmitting the waves. 

In short, if the feeding circuit section of Fig. 10 or Fig. 11 is replaced with the first and 
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second feeding circuit sections 17 and 18 of Fig. 1, it can transmit/receive only vertically 
polarized waves or horizontally polarized waves. However, the construction described in Fig. 1, 
in which the first and second feeding circuit sections 17 and 18 are separately disposed on the 
two dielectric layers for transmitting/receiving horizontally and vertically polarized waves, 
respectively, can be also easily derived. 

For example, suppose that the feeding circuit section equipped with the first strip line, 
and its corresponding shielding layer equipped with the first slot array for receiving and 
transmitting the vertically polarized waves are used instead of the first and second feeding circuit 
sections 17 and 18 of Fig. 1. Then a third dielectric layer should be separately formed on the top 
of the second shielding layer 33 formed at the lower (or top) part of the second dielectric layer 47, 
and in order to propagated electromagnetic waves on the top or lower portion of the third 
dielectric layer, a feeding circuit section including the second strip line, having the second loop 
from the other side of the third dielectric layer to the X-axis, should be formed in the 
symmetrical direction of the first strip line of Fig. 1. Also, a fourth dielectric layer should be 
separately formed on the top of the second feeding circuit section 2, and a third shielding layer 
including the second slot array for horizontally polarizing and transmitting the electromagnetic 
waves propagating on the second feeding circuit section should be formed on the lower (or top) 
portion of the fourth dielectric layer. Here, the positions of the first feeding circuit section and 
the second feeding circuit section can be switched, and thus the shielding layers thereof should 
be preferably switched also. 

The leaky-wave dual polarized slot type antenna of the present invention can be 
advantageously used since it has a broader frequency bandwidth than the related art, and can 
increase gain. As a result, the transmission/receiving characteristics of the leaky-wave dual 
polarized slot type antenna are substantially improved. 

Also, the leaky-wave dual polarized slot type antenna can improve basic properties of 
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antennas in that it can simultaneously transmit and receive horizontally and vertically polarized 
waves being transmitted/received through multi channels on the same plane of an antenna. 

While the invention has been shown and described with reference to certain preferred 
embodiments thereof, it will be understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the spirit and scope of the 
invention as defined by the appended claims. 
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